ABSTRACT Fifty-three patients with subendocardial infarction (SEMI) 
ON THE PRESUMPTION that it is uncommon' 2 relatively benign,3 4 and represented in the electrocardiogram (ECG) only by changes in ventricular repolarization, subendocardial infarction (SEMI) was at first regarded as quite distinct from "garden variety" transmural infarction. Recent consensus, by contrast, has recognized SEMI as more common,i-9 more serious in impact,1''3 tending to recur or extend,', 94-1' and associated with changes in depolarization.f', 18 22 By and large the diagnosis has been clinical and electrocardiographic and based on (1) a history of prolonged chest pain or compression, (2) the observation of a diagnostic rise in the peak level of enzymes in the blood, (3) the new development of widespread depression of RS-T segments (figure 1) or inversion of T waves (figure 2) lasting at least 48 hr, and (4) the absence of changes in the QRS complex. It has been assumed that satisfaction of these criteria establishes the diagnosis with the implication that, if the criteria are not met, the diagnosis is not justified.
Pathologic substantiation of the diagnosis has, to no small extent, been scanty or lacking. Confusion has been compounded by (1) inconsistent definition of the necessary extent of infarction, (2) the introduction of a less restrictive term, "non-transmural" myocardial infarction, which by some authorities is and by others is not used interchangeably with SEMI, (3) the more recent designations "Q wave" vs "non-Q wave" infarctions, and (4) the introduction into chemical parlance of such terms as "'acute coronary insufficiency," "unstable angina pectoris," "rule out myocardial infarction," "acute mild" or "acute atypical infarction," and even the label SEMI itself, used with similar imprecision. Out of this overwhelming confusion and ambiguity emerges a compelling need for a wholesale reassessment of the entire subject, the point of departure being anatomic and the sole requirement for the diagnosis being the demonstration of bona fide SEMI at postmortem examination. Although subject to the distortion inherent in all retrospective studies, this offers the dividend of an incontestable verification of SEMI in every patient included.
Materials and methods
The clinical charts of 53 patients treated at Brigham and Women's Hospital were reviewed and correlated with the autopsy findings of the same patients. Twenty-one of these were consecutive patients from a personal consultation practice (in this sense "selected"), and 32 were culled at random from autopsy records as they became available (thus "unselected"). All had indubitable (acute, healing, or healed) SEMIs and were accumulated over the years following an earlier publication from this hospital. figure 5 ); in 1 1 of the 25 there was more than one associated old SEMI. In a few of them repetitive SEMI had been recognized clinically (figure 6). In eight patients of the entire group the existence of old transmural infarction was also substantiated pathologically.
Most of the SEMIs were quite sharply layered (figure 3), many were irregular and mottled, a few were the obvious end-stage of a conglomeration of serial infarctions (figure 7), and one or two consisted of aggregations of similar but discrete punctate necroses. Although a deliberate numerical estimate of infarct depth was not attempted, general statements and color photographs indicated that most involved the inner third of the ventricular wall; in three it extended beyond two-thirds of the thickness of the ventricular wall. None extended to the epicardium.
Coronary artery stenosis in SEMI. The degree of stenosis of the LAD, measured in 30 patients, ranged from 50% to 100% (mean 90%, average 84. 1%). Narrowing of the LCX, measured in 29, ranged from 40% to 100% (mean 85%, average 80%), and that of the RCA, measured in 38, ranged from 30% to 100% (mean 95%, average 90.1%), the latter including seven in whom the occlusion was total and partly or completely thrombotic (figures 4 L -tS t s > z -iiXis A47 2Siz 2*tS" ii t2ES 2 u figure 6 ) is noteworthy. Although Roesler and Dressler implied that these infarcts are primarily septal and that the anterior and inferior "transmural" portions are an extension of, and part and parcel of, the septal infarct, this electrocardiographic configuration may serve as a clue to a subendocardial location on the empiric ground of the present experience alone.
It is difficult to explain this type of infarct on the basis of current electrocardiographic teaching. One possibility is that the changes may be artifactual and the result a much faster spread of the activating impulse along the endocardium than its centrifugal conduction through working myocardium. Activation at the endocardial aspect of the anterior and posterior walls might then be only slightly out of phase and, assuming the direction of anterior activation to be about 180 degrees from that of posterior activation, the 4"anterior" and "inferior" R waves could in effect cancel each other, inducing QRS changes suggesting coexistent transmural infarction at both poles. Nor is the development of advancing intraventricular or atrioventricular block or of ectopic ventricular rhythms, as CIRCULATION PATHOPHYSIOLOGY AND NATURAL HISTORY-SUBENDOCARDIAL INFARCTION observed in this study, distinctive of SEMI, attesting the subendocardial substructure of all myocardial infarcts. Perhaps the best that can be anticipated would be a differentiation between SEMI and transmural infarction based on statistical probability. The concepts underlying "peri-infarction block" and the "hemiblocks," proposed and developed during the past generation, must have a profound potential bearing on this diagnosis. During their terminal illness and before going on to higher-grade block or arrhythmias, 12 of these 53 patients developed either peri-infarction block (figure 9) or hemiblock (figure 10). Although Grant41 and Rosenbaum et al. 42 attributed these changes to conduction disturbances in the bundle branches, the latter emphasized that necrosis of heart muscle per se at or near the subendocardium may induce more profound electrocardiographic changes than similar damage near the epicardium. Certainly these "Roesler-Dressler" infarcts, as well as peri-infarction blocks and hemiblocks, deserve further study as possible indicators of SEMI.
The "head start" intrinsic to its gradual partial depolarization before end-diastole presumably explains the normal domination of Purkinje tissue over the cardiac rhythm. 43 The frequency of block and ectopy in patients with SEMI may be explained by (1) the fact that electrical activation, which proceeds outward from endocardium to epicardium, is at the mercy of blood flow, which proceeds inward from epicardium to endocardium, and (2) the concentration of the major trunks of the atrioventricular conduction system at the crest of the interventricular conduction system and the rich subendocardial distribution of the Purkinje network. The resultant propensity to ectopy may be enhanced by electrochemical changes at the margins of infarcted tissue and perhaps by a tactile vulnerability analogous to the induction of premature ventricular beats on simple contact of catheter tip with ventricular endocardium.t These findings may be discounted because this is a retrospective study, but they cannot be ignored. The court of final appeal remains the postmortem examination. A prospective approach is not disparaged; rather a modification in guidelines and in the direction of future studies, prospective or retrospective, is encouraged, including more frequent ventriculographic studies, data bearing upon an autoimmune state, a forthright statement of how many patients underwent autopsy, precise measurement of depth and volume of infarcted muscle, and explicit determination of whether, and over how large an area, the process of infarction actually reached the epicardium.
